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It is generally recognized that the end-results of
treatment of patients who suffer from a recognized
disease entity are a fair measurement of the success of
the management and treatment, and also of the correct-
ness of the ascribed cause and of the character of the
morbid process. We present herewith the end-results
of the treatment of a series of patients with chronic
deforming arthritis.

Seventeen years ago, one of us (F. B.) began a

study of chronic deforming arthritis (arthritis defor-
mans, rheumatod arthritis) in connection with a clin-
ical investigation of focal infection.

In 1910 it was decided to make an intensive clinical
research of chronic deforming arthritis. For this pur-
pose a group of workers was organized, consisting of
clinicians, pathologists and laboratory technicians, all of
whom were members of the faculty of Rush Medical
College and of the staff of the Presbyterian Hospital.
The Otho S. A. Sprague Memorial Institute made a
financial contribution and repeated it annually for the
support of ten beds in the Presbyterian Hospital for
indigent patients with the disease. Reports of some
of this work have been presented by a few of the
workers.1

In the decade of 1905 to 1915, 577 patients who
complained of arthritis were admitted to the service
of Dr. Frank Billings in the Presbyterian Hospital,
Chicago. Approximately 85 per cent, of these were
admitted during the period of 1910 to 1914 inclusive.
One hundred and sixty-six of these patients were
classified as having acute arthritis, and are not included
in this report. The remainder, 411 patients, suffered

Read before the Chicago Society of Internal Medicine, Feb. 27,
1922.
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versity Press, p. 317. Davis, D. J.: Chronic Streptococcus Arthritis,
J. A. M. A. 61:724 (Sept. 6) 1913. Jackson, Leila: Experimental
Arthritis in Rabbits, J. Infect. Dis. 12:364, 1913. Rosenow, E. C.:
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from chronic arthritis and constituted the basis of
study and investigation, both clinical and statistical.
In 1917, a questionnaire was mailed to all of the 411
patients and 309, or 75.2 per cent., made satisfactory
answers. The exigencies due to the World War pre¬
vented a thorough study and publication of the results
of the treatment of these patients at that time. For
two years following the armistice, local conditions were
such that it was necessary to delay the report. To
obtain still more definite information of the results of
the management and treatment, a similar questionnaire
was sent again in August, 1921. Satisfactory replies
were received from 226, or 54.9 per cent., of the
patients.

Seventy of the patients were admitted to the hos¬
pital only for diagnosis and opinion, and remained
from one to three days. One hundred and thirty-fourpatients were in the hospital from one to three weeks,
a time considered sufficient for a thorough study of
the condition and for the removal of recognized pri¬
mary foci of infection. Two hundred and seven of
the patients were under observation and managementin the hospital for periods varying from four to six
weeks, and in a few instances for as long as one or
two years.

The statistical tables presented herewith will be made
more understandable by a description of the pathology,the morbid anatomy and the principles that guided the
management and treatment.

PATHOLOGY

Primarily and fundamentally, the clinical research
was based on the probability that chronic deformingarthritis is, as a rule, infectious in character ; that
the chief eziologie factor is a focus ofJnfection either |single or multiple, usually located" in tissues communi¬
cating with a mucous surface and sometimes with a'
cutaneous surface ; that secondary etiologic foci are
often present in lymph nodes, proximal to primaryfoci and to infected joints, and that both primary and
secondary £od of infection may be the source of
bacteremia of varying intensity for a period or for
intermittent periods of time.

The result of a bacteremia on the host is dependent
on the virulence and also on the number of bacteriain the blood stream. The defensive and offensive
powers of the blood and of the other tissues of the
host may be sufficient and adequate to overcome the
invading pathogenic agents, with no lasting injury   
the patient; or the invading micro-organisms may be
so virulent or their number may be so enormous in
the blood stream that the defensive and offensive
forces of the host are overwhelmed with a result that
may jeopardize the health or the life of the patient.It must be recognized, too, that the resistance of the
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host, which is always relative and never absolute, may
be further diminished by exhaustion and debility due
to physical and mental overwork, starvation, chronic
diseases, prolonged exposure to cold and wet, and
other factors. Lessened resistance of the host due
to exposure to extreme cold or wet, Or to excessive
fatigue especially, may intensify the virulence of the
pathogenic invaders in the primary foci, may promote
the occurrence of bacteremia, and may precipitate
infection of the systemic tissues of the host. It
should be remembered, too, that, with a bacteremia,
noninfectious morbid conditions of joints due to faults
of posture or weight-bearing, to trauma and the wear
and tear of life, may increase the susceptibility to joint
infection.

In this study we excluded acute infectious arthritis
characterized by purulent exudates in the joint tissues
and synovial sac which are caused by virulent strains of
the streptococcus, pneumococcus, gonococcus, staphylo-
coccus and other bacteria. Chronic infectious deform¬
ing arthritis is not attended with gurujeiii exudates,
and, if suppuration occurs in the joint tissues during
the course of this disease, it is due to secondary sepsis.

This clinical research was centered on a study of
the strains of streptococci isolated from the etiologic
primary and secondary foci and from the infected
periarticular tissues and syno\'ial sac and from the
joint exúdate. The green-producing strains of the
streptococcus were very predominant in pure and in
mixed cultures. In animal experimentation the green-
producing strains showed evidence of varying viru¬
lence, but usually were nonpyogenic. The hemolytic
strains varied in virulence also ; some strains produced
purulent exudates in the joints of the intravenously
injected animal, while other strains caused arthritis
with serous or serofibrinous exudates. The quality of
tropism was evident in many strains of the isolated
bacteria, as manifested by the apparent affinity for
the tissues of the joints, and some strains showed
a marked affinity for muscular tissues. In a few
patients, mildly virulent strains of gonococci were
isolated from the only recognizable primary foci.
These nonpyogenic strains caused arthritis with sero¬
fibrinous exúdate in the intravenously injected rabbits.

This study of the character of the bacteria isolated
from the primary foci and from the infected joint
tissues and muscles of patients, and their effect on

intravenously injected animals, was considered pre¬
sumable evidence that chronic infectious arthritis is
usually caused by strains of streptococci which are

usually nonhemolytic and of low virulence, and occa¬

sionally by nonpyogenic strains of gonococci. The
bacteria reach the joints through the blood stream,
and lodge in the small vessels of the periarticular
tissues, in the terminal vessels of the subserosa, and
in the branches of the nutrient artery which end in
the epiphysis. The reaction of the infected tissues is
consistent with the degree of virulence of the infec¬
tious invaders which may be compared to minute
emboli. Clumps of bacteria may block the small blood
vessels, or the endothelial proliferation caused by the
infection may obstruct the small blood vessels; local
hemorrhages occur, and there may be a serofibrinous
exúdate manifested by edema and swelling of the
periarticular tissues, and the synovial sac may con¬
tain more or less serofibrinous fluid. The infection
may be confined to the periarticular tissues or may¬
be a simple synovitis or, if the infection occurs in

the epiphysis of the bone entering into the joint,
primary ostearthritis may result. The severity of the
local joint infection and the degree of general systemicdisturbance is apparently dependent on the virulence
of the invading infectious agents and on the number
of bacteria which primarily reach the joint tissues.
If the virulence of the micro-organisms is rela¬
tively high, the onset may resemble acute rheumatic
fever. If the virulence is relatively low, the onset
may be insidious and manifested by symptoms of
slight involvement of the periarticular tissues only
and usually of distal joints. The severe types of
infection are usually progressive, and the character
of the morbid changes of the joint tissues is hyper-
trophic or proliferative. The milder types are usually
associated with morbid changes of a degenerative or
atrophie character.

MORBID ANATOMY
Nichols and Richardson2 have given an excellent

description of the morbid anatomic conditions of the
joints in chronic infectious deforming arthritis. They
state that the morbid changes, both hypertrophie or
proliferative and atrophie or degenerative, cannot be
differentiated etiologically. They suggest that the mor¬
bid changes are due to the reaction of the tissues
excited by toxins derived from infectious invaders or
from faulty metabolism and other sources. In this
group of patients were individuals who presented all
types of arthritis : periarthritis and ostearthritis and
synovitis ; and individuals also exhibited typical hyper-
trophic or proliferative changes in one or more joints,
while in other joints the morbid changes were atrophie
or degenerative. The hypertrophie type was most fre¬
quently found in the young and vigorous individuals.
Two of the children presented good examples of
Still's disease, both typical examples of focal infec¬
tion. Hypertrophy of bone in the form of Heber-
den's nodes and hypertrophie or atrophie changes in
the larger joints were in evidence in the elderly
patients of the group. Several patients presented
typical villous arthritis of the knee joint, while in
other joints the infection was manifested by milder
anatomic forms of synovitis or periarthritis.

The study of this group of patients justifies the
view that these morbid tissue changes are probably
secondary to the primary reactions of the joint tissues
due to the presence of the invaders or their toxins. If
the embolie mode of infection is accepted, the tissue
reaction includes the blocking of blood vessels by
bacterial emboli and by endothelial proliferation with
small perivascular hemorrhages and serofibrinous exú¬
date in the tissues and in the synovial sac, with a

tendency to subsequent cellular proliferation and sec¬
ondary sclerosis and contraction. These morbid con¬
ditions interfere with the local blood supply and with
the nutrition of the infected joint tissues. Repeateddoses of the infectious micro-organisms having their
source in the primary or secondary etiologic foci will
cause renewed and increased damage to the joint tis¬
sues. The relative ischemia that results will be fol¬
lowed by malnutrition of the infected tissues. The
local morbid condition will be aggravated by the sys¬
temic malnutrition and lessened tone of the general
circulation from which these patients suffer usually.It is fair to assume that the local malnutrition and
morbid changes in the tissues associated with general

2. Nichols, E. H., and Richardson, F. L.: Arthritis Deformans,J. M. Res. 16: 149, 1909.
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debility will lead to secondary degenerative changes
in the joint structures.

The marked secondary morbid changes which occur
in chronic infectious ostearthritis, characterized by the
tendency to the formation of new bone, must be due
to faulty metabolism. In ostearthritis of the hip, knee,
ankle, elbow, wrist, jaw and the spinal column, it is
not unusual to find the ligaments converted into bone.
This is so pronounced in some cases of ostearthritis
of the spine that the bony overgrowth has been likened
to the hardened tallow of a guttering candle. The
cartilage and the muscle tendons surrounding some

joints may become partly or wholly converted into
bone. It is difficult to explain the influences which
seem to stimulate the conversion of the lower types
of these tissues, muscle tendons, ligaments and carti¬
lage into the higher type bone, although the change
is explicable on the fact that they have the same

mesenchymal origin.
Apparently the part which a deficient blood supply

and the consequent poor tissue nutrition may play in
the conversion of ligaments, cartilage and muscle ten¬
dons into bone was illustrated in some of our patients.
One woman, who suffered from a chronic infectious
polyarthritis of moderate severity, wore a cast on

one ankle when she was admitted to the clinic. This
had been applied three or more months before as an

experimental method of relieving the lameness of the
ankle. When the cast was removed, the joint was

found completely ankylosed. This experience was

amplified by the same results of fixation of joints in
other patients. It is well known that a joint immo¬
bilized by a plaster cast or by other means for a

considerable period of time undergoes degenerative
changes which may be presumed to be due to arrested
function, to poor blood supply and to the consequent
poor nutrition of the tissues. Other patients who
entered the clinic exhibited one or more joints partly
or completely ankylosed, who gave the history of
surgical treatment by means of forcible flexion and
extension of the joints to correct deformity. The
resulting traumatismi, added to the existing morbid
anatomy, apparently promoted rapid bony ankylosis.

A considerable number of the patients showed
diminished carbohydrate tolerance and an increase in
the blood sugar. Some patients exhibited moderate
blood nitrogen retention associated with slight albu¬
minuria and cylindruria. Digestive disturbance was
a common observation, especially of those patients
who had suffered from the disease for several years.
Coincident involvement of the cardiovascular appa¬
ratus was found in many of the patients advanced in
years, with the associated degeneration of blood ves¬
sels and increase of blood pressure.

CHRONIC INFECTIOUS MYOSITIS

General chronic infectious myositis, with but slight
involvement of the joints in the early stages of the
disease, was a clinical entity in this group. The mor¬

bid tissue changes of the infected muscles was pro¬
duced apparently in the same manner as the infection
of the joints. Examination of the infected muscle
tissue of animals intravenously injected with living
nonhemolytic streptococci showed embolus-like clumps
of bacteria in the small arteries, endothelial prolif¬
eration blocking the vessels, and small perivascular
hemorrhages. The examination of the muscular tis¬
sues of the infected animals one or more months after

the experimental injection revealed focal connective
tissue overgrowth, obliteration of small arteries, and
a contraction of the muscular bundles due to the con¬
nective tissue sclerosis. This histologie examination of
the infected human muscle, which was removed under
local anesthesia and always with the consent of the
patient, showed similar morbid changes characterized
by connective tissue overgrowth and contraction.

Some of the patients complained of pain, and this
was associated with tenderness of the nerve trunks and
of muscle bundles to which the nerves were distributed.
This was interpreted as infectious neuritis or perineu-
ritis due to the same infectious micro-organisms.

The deformity of joints in these patients was due
to bony overgrowth, to involuntary overaction of flexor
muscles to relieve intra-articular pressure, and also to
contraction of muscles due to morbid tissue changes
caused by infection of the muscles.

CLINICAL COURSE
The onset of the disease in 136 patients was char¬

acterized by acute symptoms manifested by acute or
subacute arthritis, fever, increase of pulse rate and
general discomfort. In 265 patients the onset was
insidious. The relation of the onset to the end-
result of the management and treatment is shown in
Table 9. The clinical study of the group justifies the
opinion that the progressive character of the disease
is explained by the persistence of the primary or sec¬

ondary etiologic foci through the failure of their com¬

plete eradication. The resulting intermittent bactere¬
mia and reinfection of joint tissues serves to explain
the occurrence of exacerbations and the persistence of
the morbid conditions which are so characteristic of the
disease. The persistence of the joint infection after
the spontaneous disappearance of the surgical eradi-,
cation of the primary and secondary etiologic foci
finds explanation probably in the continued presenceof the infectious agents in the joint tissues or in tis¬
sues which are in situations which do not permit of
exploration, as, for example, in the mesenteric and
other lymph nodes. After the removal of the etio¬
logic foci of infection, the failure to apply a rational
available management and treatment to correct reme¬
diable tissue defects explains the failure of improve¬
ment or of recovery in some of these patients.

MANAGEMENT AND TREATMENT
The management and treatment of this group of

patients was based on the principles that relate to
the cause, the mode of infection and the character of
the morbid anatomic changes. Primarily, this involved
the location and eradication of the apparent etiologicfocus of infection. The location of the real focus of
infection was difficult occasionally, and at times impos¬sible. The diagnosis and location of the primary focus
sometimes required the highest clinical skill and the
cooperation of qualified specfalists7 laboratory investi¬
gation and the use of diagnostic instruments of preci¬sion, including the roentgen ray. In some patients the
faflure to eradicate ccjrigktgly the etiologic focus bysurgical measures defeated ~the subsequent manage¬
ment and treatment. The faihjre to locate the real
focus of infection at the beginning was illustrated in
some of tEèsë^patients. Two men of middle age,both of whom exhibited moderately severe periarticu¬lar arthritis associated with jrryositis, showed infected
tonsils and associated apical infection of some of
the roots  f the teeth. These foci of infection wer·:
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eradicated surgically, and immediate partial recovery
resulted." Relapses occurred in both instances, and
later both patients developed evidences of calculous
cholecystitis. After successful surgical treatment of
this infection, both patients maïïe~cornplete recovery.
Another patient, a woman, improved for a period after
the removal of apparently infected tonsils and the
extraction of some infected teeth, and then relapsed
into a worse condition. She soon developed classical
evidences of ¿cute appendicitis, returned to the hos¬
pital, and, after appenHectomy, made a prompt and
complete recovery. It Ts probable that the failure to
locate and to eradicate the real focus of infection in
some of the other patients was the cause of the poor
end-result.

¡The management adopted to overcome the systemic
infection, to promote improvement of morbid tissues
and to restore function of the joints included the gen¬
eral physical improvement of the patient by the selec¬
tion of a properly balanced diet, the use of restorative
and palliative drugs, attention to personal and general
hygiene, a cheerful environment, and the employment
of physical therapy, including hydrotherapy, thermo- '

therapy, electrotherapy, occupational therapy, mechano- '

therapy, and regulated passive and active exercise.
While an attempt was made to select a balanced

diet, individual peculiarities were considered. Some
patients with a low carbohydrate tolerance, others with
blood nitrogen retention or with a deficient output of
urinary solids due to some morbid kidney condition,
and others with manifest defective digestion were

given a suitable diet to meet the individual condition.
General malnutrition was met by a full, nourishing
diet. Some patients were apparently benefited by a

deficient but balanced diet over short periods of time.
Patients with anemia were given hematinic and other
tonics. Pain and soreness of joints and muscles and
general discomfort were palliated by salicylic acid com¬

pounds. When possible, constipation was corrected by
the proper diet and, when necessary, by simple laxa¬
tives. Bed rest was maintained during the stage of
acute manifestation, and for very painful joints. Pain¬
ful and sore joints were immobilized by means of
splints or plaster casts applied for short periods of
time. As soon as the- absence of pain and soreness

permitted, passive exercise was begun and increased
cautiously day by day.

The results of this study emphasize the fact that
the primary and fundamental purpose of all forms
of physical therapy is to attempt to restore the gen¬
eral and local blood circulation and the nutrition of
the tissues, and also the function of the disabled
organs. The general debility which was manifested
in a majority of these patients was associated with
poor general circulation of the blood. The local blood
supply of the infected joints and muscles was deficient
also because of the general debility of the patient and
because of the character of the morbid anatomic
changes.

It was found that the improvement of the general
condition of the patient by proper diet, rest, environ¬
ment and other measures aided in the restoration of
the tone of the general circulation. The tone of the
general circulation was notably improved also by the
rational application of hydrotherapy in the form of an

alternating hot and cold shower or spray bath under
considerable pressure. It was found that this type
of hydrotherapy is equivalent in its tonic effects to a

cold plunge bath, and at the same time is devoid of
the shock and the unpleasant features of the latter.
The circulation of the infected joints was improved
also by the local application of the alternating hot-cold
spray. Dry heat applied for a short period daily by
means of hot air baking, by electric radiant light and
by other simple means greatly improved the local blood
circulation and at the same time palliated pain and sore¬
ness. Diathermy was not used. The proper applica¬
tion of massage, Swedish movements, calisthenics and
other active exercises, such as walking, were found to
be very helpful at the proper period in the treatment.
Occupational therapy suitable for both bed and ambu¬
latory patients was very useful in the restoration of
the function of a special group of muscles and, in
addition, was a valuable form of diversion to these
unfortunates.

The general and special surgeons of the staff cooper¬
ated in the correction of deformities by the forcible
extension of overflexed extremities by tenotomy and
other measures when indicated. The experience gained
in the application of forcible movements of the joints,
if attended with considerable injury to the tissues
by the breaking up of dense adhesions, justifies the
opinion that this method of treatment may do more

harm than benefit.
The experience gained in this study justifies the \

opinion that the general improvement of the patient
who suffers from chronic infectious arthritis, which
will usually follow the rational application of the
measures of management and treatment described, will
do more to restore the natural resistance of the patient
to further local or general infection and to rid the
tissues of the infectious invaders, than any other
form of treatment. However, in the management
and treatment instituted, autogenous vaccines of killed
streptococci, a polyvalent horse serum, and nonspecific
proteins injected intravenously were used with some
of the patients. The autogenous vaccines were made
in the laboratory of the hospital and in the labora¬
tory of the John Rockefeller McCormick Institute
for Infectious Diseases from strains of streptococci
obtained from (a) cultures made from primary and
secondary foci of infection and from infected muscles
and infected joint tissues of patients; (b) strains of
streptococci obtained from the joint tissues and muscles
of laboratory animals intravenously injected with
strains obtained from infected human tissues, and (c)
autogenous strains a and b sensitized with the poly¬
valent horse serum mentioned. These autogenous vac¬
cines were used hypodermically in doses of from 50
millions to 2 billions repeated at intervals at from five
to seven days. The effect of the vaccines was studied
by noting the local, the general and the focal reaction,
and by estimating the opsonic index of the blood of
the patient before and after each vaccination. Experi¬
ence showed that a medium dose of from 300 million
to 500 million of the vaccine was quite as effective
as larger doses, and this standard dose was finally
adopted. The local reaction was usually manifested by
slight local tumefaction, occasional slight redness of
the skin, and a moderate degree of soreness. The gen¬
eral reaction was almost always objectively negative ;
subjectively, patients sometimes expressed a feeling of
improvement or of greater discomfort. Focal reac¬
tion was usually objectively negative, but the patients
sometimes complained of greater discomfort in the
affected joints or muscles from twelve to twenty-four
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hours after the vaccination. The opsonic index usually
showed an upward curve, but did not disclose evidence
of improvement in the immunity of the patient, and
after a year of steady application it was abandoned
because its value as a measurement of the effect of the
vaccination did not justify the great amount of work it
entailed.

The polyvalent streptococcus horse serum was made
by the intravenous injection of two horses with
approximately sixty strains of nonhemolytic and
hemolytic streptococci under the direction of Dr. J. J.
Moore. Its specificity was tested by an estimation of
its contained opsonins. The serum was used in the
treatment of eighteen patients by injecting it sub-
cutaneously in gradually increasing doses at intervals
of from five to ten days. The local reaction to the
injections of the serum was evidenced by a considerable
local tumefaction of the subcutaneous tissues, some
redness of the skin, and by a considerable soreness,
which continued for a day or longer ; the general reac¬
tion was usually positive, as shown by a slight rise in
the body temperature, a moderate increase in the pulse
rate, and a complaint of greater soreness of the joints.
The focal reaction was not evident objectively, but
virtually all of the patients who received the serum
complained of greater discomfort in the infected joints.
After one or more injections of the serum, practically
all of the eighteen patients became sensitized to the
serum, and subsequent doses caused anaphylactic or

anaphylactoid shock. The anaphylactic shock was so
severe in a few of the patients that it was decided to
abandon it because the results of the treatment did not
show sufficient benefit to justify the risk which its use
involved. The autogenous vaccines sensitized with the
polyvalent horse serum did not prove to be of greater
benefit than the unsensitized antigen. The intravenous
injection of foreign protein, bacterial and others, was

usually attended with serious reactions, characterized
by chill, followed by high febrile temperature, rapid
pulse and great general discomfort. The opposition
expressed by patients to the repetition of a second or
third treatment restricted its general use. Some
patients suffering from the milder types of arthritis
were manifestly improved by the intravenous injection
of the foreign protein. The small experience with the
use of foreign proteins intravenously in this study does
not justify an opinion as to the merits of this form of
treatment of chronic infectious arthritis.

Of the 411 patients, 229 received autogenous vac¬

cine, eighteen received vaccine and serum, and 164
were treated without vaccines or serum.

STATISTICS
The questions included in the questionnaire 3 were :

1. Have you had any additional focus of infection about
the nose, throat, jaws or elsewhere since you were in the
clinic?

2. Have you had any marked setbacks in your general
condition?

3. (a) How much are you able to do in the way of work
with the upper extremities? (b) How much are you able to
do in the way of walking, with or without artificial appliances?

4. What is the condition of your spine?
5. What is the condition of your general health, particularly

as regards weight, appetite, bowel movement, etc.?
6. How fully have you carried out the management with

particular reference to forms of calisthenic and other exer¬
cise, tonic hot-cold-hot bath, avoidance of fatigue and proper
food?

3. Questions 7 and 8 were included only in the questionnaire sent
in1921.

7. What treatment prescribed by us or others (exclusive of
Question 8) have you had since you last attended the clinic?

8. Have you used with or without your doctor's advice any
vaccines, serum, etc., and if so, what kind?

9. General remarks.
TABLE 1.—AGE INCIDENCE AT ONSET OF DISEASE

Age Males Females Total Osier's Series
1-10. 1 4 5 21
11-20. 15 29 44 72
21-30. 50 62 112 108
31-40. 37 58 95 107
41-50. 23 53 76 83
51-60. 25 35 60 66
61-70. 4 15 19 27
71-80. 0 0 0 4
Doubtful. 0 0 0 12

Total.

The youngest patient was a girl, aged 4 years, and
the oldest was a man, aged 68. It is to be noted that
the period of greatest incidence was in the third and
fourth decades of life; 207 patients (50.3 per cent.)
appear in these groups. In 161 patients (39.1 per
cent.) the disease occurred before the age of 30 years.
For the purpose of comparison, the figures of the inci¬
dence of the disease in the series reported by Osier are
given in Table 1. It will be noted that 256 of the
patients in this series were females and 155 were malese
In the 500 patients reported by Garrod, which did not
include patients with spondylitis, 411 were females.
The group reported by Osier represented 256 females
and 244 males. All of these reports indicate tha,t the
disease occurs more frequently in the female than in
the male sex.

TABLE 2.—AGE INCIDENCE ON ADMISSION TO THE CLINIC

Age Males Females Tota
1-10. 0 2 2
11-20. 6 14 20
21-30. 30 42 72
31-40. 49 54 103
41-50. 28 64 92
51-60. 24 53 77
61-70. 17 23 40
71--80. 1 4 5

Total.

On admission to the clinic, ninety-four patients (22.3
per cent.) were 30 years of age or less. This is in
agreement with the statistics of Osier, in which 22 per
cent, were under 30 years of age on admission to the
hospital. The greatest age incidence on admission to
the hospital was in the fourth and fifth decades.
TABLE 3.—DURATION", BY YEARS, OF DISEASE PREVIOUS TO

ADMISSION TO THE CLINIC

Age Males Females Total
0-1.'.. 28 39 671-2. 29 37 662-3. IS 39 57
3-4. 16 16 324-5. 11 25 365-6. 4 18 226-7. 4 9 13
7-8. 4 10 148-9. 4 11 15
9-10. 5 7 12
10-15. 17 24 41
15-20. 8 10 18
20 ormore. 7 11 18

Total. 155 256 411

Table 3 is a more detailed statistical compilation of
the information given in Table 2. One hundred and
thirty-three patients (32.3 per cent) had suffered from
the disease less than two years, on admission to the
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clinic, while seventy-seven patients (18.7 per cent.)
had the disease more than ten years before they were
admitted to the hospital.

-OCCUPATIONS REPRKSENTED

Indoor Occupations:
Housework.

Males
0

Females
195

Salespersons (clerks).
School (student).
Teacher.
Merchant.
Manager.
Nurse.
Garment worker (seamstress).
Stenogiapher.
Telephone operator.
Lawyer.
Banker...!.
Brewer.
Barber.
Baker.
Shoemaker.
Printer.

7
 

It
8
1
2
1
0
G
4
3
:;
1
 
 

7
12
12
0
0
7
6
7
7
0
0
0
0
0
0
0

Total

195

148
Total indoor occupations. 343

Outdoor Occupations:
Building trades_
Farmer.
Physician.
Engineer.
Artist.
Minister.

23
18
18
«
•2
1

Total outdoor occupations..
No occupation given.

Total.

The possible contributory etiologic influence of occu¬
pation is shown in Table 4. It will be noted that the
195 women patients (47.4 per cent.) were engaged in
some form of general housework. One hundred and

Fig. 1.—Morbid anatomic changes due to true myositis and to spas¬
modically contracted and atrophie muscles.

forty-eight male and female patients (36 per cent.)
were engaged in some other form of indoor occupation,
making a combined total of 343 (83.4 per cent.) of the
411 patients who were engaged in indoor occupations.
Sixty-five patients (15.6 per cent.) were engaged in
outdoor Occupations, and it is of interest to note that

of these, fourteen (3.4 per cent.) were physicians. In
the series reported by Osier, a large majority of the
patients had been engaged in indoor occupations.

The attempt to classify the patients on the basis of
the apparent anatomic changes is shown in Table 5.
It will be noted that 311 patients exhibited the mixed
types of the disease. One hundred patients were fairly

Fig. 2.
—

Incidence of periarthritis in the joints.

representative of pure types of either ostearthritis,
periarthritis or myositis. Not all of the thirty-four
patients classified as myopathie were free entirely of
some joint involvement, but the incidence of myositis
was predominant.

The classification of the disease based on the morbid
anatomic conditions serves a useful purpose in a clin¬
ical description of the disease. This study of the group
of patients indicates that the several degrees of morbid

TABLE 5.—TYPE OF INVOLVEMENT

Mixed:
Predominant myopathie...
Predominant periarthritic.
Predominant ostearüiritic.

Virtually Pure:
Myopathie.
Periarthritic.
Ostearthritic.

ñ8
21 iS

!..

Total.
100

411

anatomic conditions recognized in such a classification
are more properly stages of the development of the
infectious process in the joints. The element of time
in which the disease has existed must be taken into
consideration in any attempt to classify the disease on
an anatomic basis.

In Figure 1, the numerals indicate morbid anatomic
changes of muscles due to true myositis and also to
spasmodically contracted and atrophie muscles.

In Figure 2, the numerals indicate the incidence of
periarthritis of the respective joints. Attention is
directed to the fact that spondylitis of periarthritic type
was encountered in six patients.In Figure 3, the numerals indicate the incidence of
ostearthritis, which includes twenty-six patients with
spondylitis.
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It will be noted, in Table 6, that no primary or sec¬

ondary focus of infection was found in twenty-five
patients. As stated previously, there exists always the
possibility that a focus of infection may exist in some

organ or tissue inaccessible to methods of examination.
Table 6 indicates the site of single or multiple foci of
infection in 386 patients.

TABLE 6.—PROBABLE FOCI: HOW OFTEN AND IN WHAT
COMBINATIONS THEY WERE FOUND

No.
None found. 25
Tonsil only..205
Tonsil and teeth. 97
Tonsil and sinus. 4
Tonsils, teeth and sinus. 4
Tonsil and bronchi. 1
Tonsil, teeth and bronchi. 2
Tonsil, teeth, bronchi and sinus. 1
Tonsil and prostate. 9
'Tonsil, teeth and prostate. 2
Tonsil and gallbladder. 2
Tonsil, sinus and gallbladder— 1
Tonsil and enterocolitis. 1

No.
Tonsil and apendix. 1
Tonsil, uterus and tube. 6
Teethonly. 27
Teeth and sinus. 1
Teeth and pus tubes. 1
Teeth and prostate. 1
Sinusonly. 1
Prostate and genito-urinary

tractonly. 12
Uterus and appendages only_ 4
Middle earonly. 1
Bronchionly. 1
Enterocolitis. 1

Total.411

Table 7 indicates the number of times that a primary
or secondary focus of infection was found in desig¬
nated sites.

In connection with the statistics of the incidence and
the location of primary foci of infection, it should be
added that, as to the previous existence of foci of infec¬
tion, evidenced by the histories obtained at the time of

TABLE 7.—NUMBER OF TIMES EACH FOCUS WAS CONSIDERED
A PROBABLE SOURCE OF INFECTION

No.
Tonsil.336
Teeth.136
Sinus. 12
Bronchi. 5
Uterus and tubes. 12

No.
Prostate and genito-urinary tract 24
Gallbladder. 3
Enterocolitis. 2
Appendix. 1
Middleear. 1

admission of the patients to the clinic, forty-four
patients (10.7 per cent.) denied knowledge of previous
focal infection. Two hundred and twenty-one patients
(53.7 per cent.) gave indefinite history of attacks of
tonsillitis. Seventy-two patients (17.5 per cent.) had
suffered from attacks of rheumatism, and forty of
these patients presented evidences of valvular defects
of the heart. Thirty-five patients (8.5 per cent.) had
suffered from dental infection. Seventy-four (17.6 per
cent.) confessed to previous genito-urinary infection.

TABLE 8.—ORGANISMS OBTAINED

Only Only Strepto-
Not Streptococci cocci Found

Removed, Found Were Non-
No Record, or Were hemolytic

No Strepto- Removed Hemolytic or Green

Mixed
Streptococci

Focus of Infection
Tonsil.
Teeth.
Sinus.
Bronchi.
Prostate and genito-urinary tract.
Uterus and tubes.
Gallbladder.
Appendix.
Stool.
Ear.
Gland.
Joint.
Muscle.
Bursa.
Fibrous node.
Blood.

cocci
Found

0
16

3
(I
(i
1
0
0
5
0
r,
t>
 
0
0

Total.

Before
Admission

82
L'y

o
o
0
2
2
1
«
0
1
1
0
0
0
0

118

Strepto¬
cocci

20
8
1
0
2
0
0
0
1
0
1
1
0
0
0
0

Producing
Streptococci

34
!»:!

5
0

10
8
0
0
1
 

l!l
5
7
1
1
1

155

Nonhemo-
lytic

Predomi¬
nating

150
39

3
4
0
1
1
0
0
1
1
1
0
0
0
0

201

Hemo¬
lytic

Predomi¬
nating

50
5
0
1
1
0
0
0
0
0
Ü
0
0
0
0
0

Gono-
cocei
Only

0
o
o
0
6
0
0
0
0
0
0
0
0
0
0
0

ß

Mixed
Gonococci

and
Strepto¬

cocci
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0

Stapb-
ylocoeei

Only
0
1
0
0
3
0
0
0
0
0
0
0
0
0
0
0

Total
336
161

12
5

80
12

3
1
7
1

28
14
8
1
1
4

0¿4

The preponderance of nonhemolytic types of strepto¬
cocci is shown in the statistics as made from the
infected excised lymph glands, joint tissues and pieces
TABLE 9.—RELATION OP TYPE OF ONSET TO END-RESULTS;

BASED ON 1917 RETURNS

Acute onset_
Insidius onset..
No record.

Worse
or Unim¬
proved

23

Practically
Im- Recovered

proved or Cured
42 30
»7 39

3 2

Dead
4

12
1

No
Report

37
64

1

Total
136
2«6
10

Total. 142 71 17 102 411

of muscle and from, foci of infection (Table 8). Com¬
ment has already been made on the varying degree of
virulence which characterized the isolated bacteria.

23

3S

Fig. 3.—Incidence of ostearthritis.

It is a generally accepted opinion that the more acute
the onset of infectious arthritis, the more favorable the
prognosis for improvement and cure, and that the more
insidious the onset, the less favorable the prognosis for
improvement or cure. This opinion is substantiated in
the statistics of Table 9. Twenty-two per cent, of the
patients in whom the disease was manifested by an
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acute onset recovered, as compared with 14.7 per cent.
of the patients who recovered in whom the disease was
characterized by an insidious onset, and 16.8 per cent,
of the patients manifesting acute symptoms showed
end-results which were unimproved or worse, and 20
per cent, of the patients in whom the disease began
insidiously remained unimproved or became worse.

TABLE 10.—DURATION OF DISEASE IN RELATION TO END-
RESULTS, BASED ON 1917 RETURNS

Worse Practically
or Unim- Im- Recovered No

Duration proved proved or Cured Dead Report Total
Less than 2 years.. 12 36 42 4 39 133
More than 2 years. 67 106 29 13 63 278

Total. 79 142 71 17 102 411

It is generally accepted that a more favorable result
of treatment of an infectious disease will result if early
treatment is instituted. This principle is especially
applicable to the treatment of chronic infectious
arthritis. If the treatment and management which has
been described is applied to patients who suffer with
chronic infectious arthritis before irremediable ana¬

tomic morbid changes have taken place, a majority of
the patients will recover or, at any rate, will be vastly
improved, and the disease may be brought to a stand¬
still. It will be noted that in the group of patients
who were admitted to the clinic within two years of
the onset of the disease, forty-two recovered, while of
the group of patients who were admitted at a period of
more than two years of the onset of the disease only
twenty-nine recovered.

TABLE 11.—RELATION OF VACCINE THERAPY TO END-RESULTS,
BASED ON 1917 REPORTS

Improved Prac-
Worse or tically

or Unim- Greatly Recovered
proved Improved or Cured Dead No Report Total

Vaccine. 55 89 39 7 39 229
Percentage oí
total casts... 13.3 21.6 9.4 1.6 9.4 44.7

Percentage ol
vaccinated... 24.0 38.9 17.0 3.1 17.0 100

'Mixed vaccine
and serum... 3 6 4 1 4 18

Percentage of
total. 0.73 1.46 0.97 0.27 0.97 4.4

Percentage of
treated cases 16.6 33.3 22.2 5.5 22.2 100

No vaccine or
serum. 21 47 28 » 59 164

Percentage of
total. 5.2 11.4 6.8 2.2 14.3 89.9

Percentage of
unvaccinated 12.8 28.6 17.0 5.4 36.0 100

Tota!. 79 142 71 17 102 411
Percentage of
total. 16.6 34.6 17.3 4.1 24.8 100

In estimating the comparative results of treatment
with vaccines and serum and without these so-called
specific therapeutic agents, it will be noted (Table 11)
that 229 patients received autogenous vaccines, of
whom eighty-nine patients (38.9 per cent.) of those
vaccinated were improved, and thirty-nine (17 per
cent.) of those vaccinated recovered; that of eighteen
patients who received mixed vaccine and serum, six
(33.3 per cent.) were improved, and four patients
(22.2 per cent.) of those who received serum recov¬

ered ; that of 164 patients who did not receive either
vaccine or serum, forty-seven (28.6 per cent.) were

improved and twenty-eight patients (17 per cent.) who
were unvaccinated recovered. These statistics confirm
and substantiate the opinion which we have expressed

on former occasions that specific remedies in the form
of bacterial antigens are of little or no value in the
treatment .of chronic infectious arthritis.

The importance of physical therapy in the treatment
of chronic arthritis is shown in Table 12. Of 186
patients who carried out the management described,
114 (61.2 per cent.) were improved, and sixty-one
(32.8 per cent.) recovered. Of ninety-two patients
who did not carry out the advised management, twenty
(21.5 per cent.) improved and five (5.4 per cent.)
recovered. Each patient who remained long enough
in the hospital was instructed and educated in carrying
out feasible and available types of physical therapy in

TABLE 12.—RELATION OF MANAGEMENT TO END-RESULTS,
BASED ON 1917 REPORT

Worst1 Practically
or Unim- Im- Recovered
proved proved or Cured Dead Total

Carried out management— 11 114 61 8 194
Did not carry ojt manage¬
ment. 68 20 5 8 101

No record. 0 ..8 5 1 14

Total. 79 142 71 17 309

their homes. Emphasis was made of the importance
of the daily application of different types of physical
exercise and of hydrotherapy when available. Each
patient was especially directed to avoid excessive
fatigue and to follow periods of exercise with rest in
the recumbent posture. Letters · were written to the
family physician giving the details of the method of
management and emphasizing the need and the value
of physical therapy daily. In the earlier periods of the
work, autogenous bacterial antigens were prepared and
sent to the family physician with directions for their
use.

The value of the management -and of physical
therapy in the treatment of these patients was empha¬
sized over and over again by the improvement of
patients who returned to the hospital for further man¬

agement and treatment the second and the third time
because they did not improve at home. In practically
every instance the failure to "improve at home was
found to be due to the failure to carry out faithfully
the management described because of indifference on
the part of the patient and members of the family
and, in some instances, because of the lack of interest
on the part of the family physician.

TABLE 13.—END-RESULTS, BASED ON ANSWERS TO QUES¬
TIONNAIRE, 1917-1921

Improved Prac-
Total No Worse and tically

Answers to Answers Answers or Unim- Greatly Recovered
Questionnaire Received Received proved Improved or Cured Dead
1917. 309 102 79 142 71 17
Percentage of
total. 75.2 24.8 16.6 34.6 17.3 4.1

Percentage of
answers. .... 2S.5 46.0 23.0 5.5

1921. 225 185 51 44 92 39
Percentage of
total. 54.9 45.1 12.4 10.7 22.2 9.4

Percentage of
answers. .... 22.7 19.6 40.5 17.3

Table 13 gives the end-result of the treatment of 309
patients who replied to the questionnaire in 1917, and
225 patients who replied in 1921. In 1917, 142 of the
309 patients (46 per cent.) were improved, and
seventy-one (23 per cent.) recovered. In 1921, of 225
patients, practically all of whom were included in the
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statistics of 1917, forty-four (19.6 per cent.) were

improved, and ninety-two (40.5 per cent.) had recov¬
ered. It will be noted that in the answers received in
1917, 143 patients (34.6 per cent.) of the total patients
of the series were improved, and seventy-one patients
(17.3 per cent.) of the total number of patients had
recovered.

In estimating the end-results, so far as possible the
term "improvement" indicates improvement both ana¬
tomic and functional, and the restoration of the patient
to the degree which permits of the assumption of life's
responsibilities ; by "recovery" is meant both anatomic
and functional recovery.

CONCLUSION

This clinical investigation confirms and substantiates
the present point of view of a majority of clinicians
who have had the opportunity to make a careful inves¬
tigation of chronic deforming arthritis, that it is pri¬
marily an infectious disease, and that the infectious
micro-organisms which are the cause are usually
strains of nonhemolytic streptococci of relatively low
virulence, or occasionally strains of nonpyogenic gono¬
cocci or even of other bacteria of mild pathogenicity.

The cause of the remarkable transformation of the
fibrous tissues which enter into the joint structure and
also of muscle tendons, into bone, is an interesting sub¬
ject for future investigation. If the remarkable results
of the animal experiments reported by Oxhausen4 can

be substantiated, it may be possible to apply preventive
measures which will obviate these disabling, irremedi¬
able secondary morbid changes.

AMYTONIA CONGENITA, COMPLICATED
BY ACUTE CHOLECYSTITIS OF

TYPHOID ORIGIN
REPORT OF CASE

WILLIAM GERRY MORGAN, M.D.
AND

DANIEL D. V. STUART, Jr., M.D.
WASHINGTON, D. C.

History.\p=m-\Aschoolboy aged 7 years, first seen by one of
us (W. G. M.), Aug. 6, 1918, complained of difficulty in walk-
ing, with recurrent attacks of nausea and vomiting, and loss
of weight. The family history was unimportant, excepting
for the fact that the parents were first cousins. Two younger
children were healthy and of normal development. One
younger brother died in infancy of an acute intestinal dis-
ease. At the birth of the patient, labor was normal. As an

infant he had been breast fed. No convulsions had occurred
during infancy. Speech and dentition began at the usual age,
and intellectual development always appeared rather above
par. During the first year of the patient's life, the tendon
reflexes in the legs were noted as being "not normal" by his
uncle, a physician. The child sat erect when 7 months old,
but made no attempt to walk until 16 months of age. At that
time he was given thyroid extract in unknown dosage, and
within three weeks was walking. This medication was con¬
tinued intermittently for the next two years, and his walking
and the general muscular tone of the lower extremities
improved slowly but steadily up to the time of examination.
The patient had always been constipated, and at 3 years of
age he had the first of the attacks of gastro-enteric dis¬
turbance complained of. From then to the date of examina¬
tion, they occurred with some regularity every three months.

4. Oxhausen, G.: Ueber einfache aseptiche Knochen und Knorpelen-
krose, Chondritis desiccans und Arthritis deformans, Verhandl. d.
deutsch Gesellsch. f. Chir., Berlin 62:40 (Part 1), 446 (Part 2) 1912.

These seizures, unvarying in type, were characterized by
sudden onset, fever, flushing of the skin, intense thirst,
nausea and vomiting; and their average duration was about
twenty-four hours. One attack was accompanied by general
convulsions and followed by coma lasting two days. The
date of this was uncertain.

Examination.—This revealed only a markedly distended
abdomen, with some tenderness in the lower left quadrant.
The urine contained a trace of albumin, and there was much
undigested meat in the stools. A moderate grade of anemia
was present (hemoglobin, 64 per cent.; red corpuscles,
4,050,000; white corpuscles, 5,000). Neurologic examination
was not made at this time, but it was noted that the patellar
reflexes were absent and that coordination in the lower
extremities was blunted. The case was diagnosed as one of
chronic constipation, with recurrent attacks of acetonemia.
Under dietary regulation, with exercises in bowel control
and a gymnastic regimen, the attacks ceased, daily unaided
bowel evacuations became the rule, and the child gained in
weight and general strength.

Subsequent History.—Two months later (October, 1918),
the patient was taken to the Mayo Clinic at Rochester, Minn.,
on account of the difficulty in walking. A copy of the report
brought back with him from that institution gives the diag¬
nosis as "muscular dystrophy; probably congenital defect."
Avoidance of fatigue was advised, and the statement made
that prognosis was "probably good."

The child's general state remained good under occasional
observation (W. G. M.) until Feb. 24, 1921. At that time
he developed recurrent attacks of sharp abdominal pain
referred to the right costal border, accompanied by some
vomiting and a return of constipation. Two days later, slight
elevation of temperature was present, but no leukocytosis.The condition was regarded as an acute cholecystitis, and
cleared up in one week. March 12, the patient was again
taken ill with headache, distress in the umbilical region,and general malaise. The temperature at this time was
slightly elevated, and the leukocyte count was 6,000. The
tentative diagnosis of typhoid fever was made, and blood
was taken for a Widal test. Two days later he had an attack
of epistaxis, the leukocytes dropped to 5.000, and the Widal
test was reported positive. The disease pursued an uneventful
course to recovery.

Neurologic Examination.—May 16, the child, now 9 yearsand 8 months old, was first examined neurologically by oneof us (D. D. V. S.) He showed a striking freedom from themuscular asthenia which might be expected to follow au
acute infectious disease, and this had been noticed by his
parents immediately on his getting up. His father statedthat there had been a slow but progressive gain in strengthof the muscles of the child's back and legs since the gymnasticexercises mentioned had been started.

The cranial nerves were normal throughout.There was slight swaying; the patient stood with markedlordosis.
The gait was waddling. The general movements of theleft leg in walking were weaker than those of the right leg,but the right foot toed in because of greater weakness of theperoneal group on that side.
Examination of the superficial reflexes disclosed the

pharyngeal, abdominal (upper and lower) and cremasteric
active and equal on the two sides; plantar stimulation wasfollowed by plantar flexion on both sides ; descending tibialirritation was followed by dorsal flexion on both sides.

Examination of the deep reflexes disclosed the jaw active;
biceps, triceps and wrist; active and equal on the two sides ;the knee-kicks were not obtained; the ankle-jerk was active
on the right, and somewhat diminished on the left.

There was weakness of the lumbar group and of all mus¬
culature of the lower extremities, especially marked in the
right peroneal group. There was marked hypermobility of
the hips, knees and ankles. There was no weakness of the
face, upper extremities or anterior trunk muscles, and no
atrophies or psuedohypertrophies. There was a rhythmic
coarse tremor of the extended fingers. Electric examination
of the affected mucles could not be made at this time, but
later (June 2) a decided reduction of stimulability by both
currents was noted. Reaction of degeneration was not present
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